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8rkf Dorcripth d &vel F-s 

By judicious use of the TEo and M* wavegvide modes in a pyreside1 horn 
. t e m a  of circular cross sect ion i h a s  ke&ld-mtra ted  both experbentally and 

ruzaiytioally that i t  is practical t o  prvduce E and E piane radiation patterns of eqwl 
bsamddth. 
beam smxinmn. 
field. 

Simultiincously, all siilelobes a m  suppressed approxmte ly  40 db fm;n the 
l l u s  latter feetare represents a f d m i e n t a l  ‘creakthrough in tne mteisrs 

This antem is siinpfe anJ easy to construct, 

Roellent. SidaloSes suppressed 4Odb; equal brimwidths in E and H plan(e lone 



This invention r e l a t e s  t o  rcicrouave antennas and more spec i f i ca l ly  t o  a m i c m  

vave antenna with b;.rcs.sd rad ia t ing  charac te r i s t ics .  

Uhen nicrovaves are radiated by means of horn antennas i t  has b a n  the prac t lce  

0 t o  allow only one mode, such as the TEll o r  TEol mode (0 and 

rect-ngular waveguides), t o  propagate and t o  take special care  t o  assure t h a t  a l l  other  

. - - 5  %re suppressed. This invention provides f o r  t h e  cornbining of two mdes of p r o w -  

t l 7 . 1  IR such power r a t i o s  t h a t  the b e w i d t h s  of tile red la t ion  p t t e r n  of the antenna are 

r e f e r  t o  c i r c u l a r  and 

equalized nnd sidelobes in t he  r f idiet ion pattern are  grea t ly  r e d u f e d .  

Accordingly, one object  of the  invention i s  t o  p ronde  ~513 sritenna hwing 

rad ia t ion  pattern with grea t ly  suppressed sidelobes. 

k fu r the r  object  i s  t o  g r o v i d e  an antenna which producer ,? ana H ,"lane rad ia t ion  

pa t te rns  of equal beamwidths. 

A sti l l  fu r the r  object  is  t o  provide a means of a l t e r i n g  the r e l a t i v e  beamwidths 

i n  the  E and E >lanes, of r ad ia t ion  emanating from M zntenna. 

These and other  objects ,  5nd a full understanding of the invention may be had by 

reference t o  the following descr ipt ion taken i n  conjunction w i t h  the ticcompnying drawings 

i n  which: 

Figure 1 is a cross  s e c t i o m l  s ide  e leva t ion  view of a horn  anterala sy-iyrfe:: 

comtruc ted  i n  accordance w i t h  t he  invention. 

Figure 2 is a representat ion of the rhdia t ion  pdt tern f o r  mcrou:%vec p r u w a t e d  

through a horn i n  the "Ell iriode, c i ~ d  represents t h e  pat tern t h a t  may be dhser':4 'ram the 

a m w  2-3 of Figure 1. 

0 

Piqure 5 1 s  R representat ion of t h e  rhdia t ica  putterri f o r  m i C r O w P , v e : 3  pro5si~"rted 

0 through a horn i n  the Trill node otserved f ro9  the hr rou  <--3 of Figure 1. 

The invention comprise? a microwave source 4 cor.r,ected ?e a c ; r c ~ l , r  wPve,--i;ide L 



chamber being connected t o  a c i r c u l h r  ~GZ-YI hntenrra 3. 

guide 1 i s  auf f ic ien t fy  small  t h t  microwaves are prcjpqtiteO on ly  i n  the TE? 

weveguide 1 for the z t i c u l e r  microwave frequency used. The diemeter 0:' t he  r,racs:tion 

chamber 2 is  large encugt: so  that the Tn0 

ems8 sec t ion  a t  plane 5 causes the  generation of the lRIll mode. 

5 ,  b t h  tt.e T E ~ ~  and RI& mdea are spproximstely in phase. 

The diclmeter of the c i rcu lar  wave- 

%node 5nn; the L 1  

mode can propagate i n  it .  The s h r p  i n  
11 

0 k t  the plene of t r ans i t i on  

0 

0 0 The TEll and lull modes t rave l  with d i f f e ren t  velocit ies down the  t r m s i t i o n  

2 : d r  ? and horn 3 and t h e  chamber and horn are =de so  tha t  the two modes a r e  i n  phaPe 

horn  6 CHZ be a4;usted by v- . ry ing  :?,e ?er<th cf the i r * ~ ? - i t i o n  chm:aer 5 .  

'Mhen mierokaves propigtited i n  t h e  TS:, mode reeck f r e e  :.pace, porrep I F  r - - d i a t e d  
*- 

i r ?  many d i rec t ions  as i l l u r t r e t e d  i n  Fitpre 2. However, the w i d t t  of the m t i ' c .  Se-a 31 

a lwg  the H plane 1s uider  t h a n  along a perpendicular plEne re fer red  t o  tis the E plane. 

'&en rnicrodaves propagated i n  the TEll node reach free p p c e  the radihtron p t t e r r ,  i s  8s  

shown in Figure J, and t h e  width of the w i n  beam 31 plu: 7? a l x g  the X plhne ic *i.ler 

0 

0 than the width along the  H plane. itken both t h e  TEo and TMll aodes &re ;rL,F+:ttA, :he 
11 

various ratios. 
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of the sidelobea. 

in the !IMll mode, there are two main lobes 30 and 31 of a certein phase, but the fir:t 

sidelobes 32 and 33 

In Figure 3 which shows the raiiation pattern f o r  microwaves propagated 

0 

w e  the same phase as the main lobes. Other sidelobes alternate In 

phase as with the lobes of Figure 2. If radiation from the TE:l mode is added to radiation 

from the T$l mode, as by adding the radiation patterns of Figure 2 and Figure 3, the main 

beams 21, 30 8nd 31 Vi11 add a l e  the eidelobes w i l l  tend to cancel out each other. 
0 

chnosing that ratio of strengths of the TEll and My1 modes where the sidelobes 22 and 23 
0 of tt.e TEll mode and 32 and 33 of the 

sidelobes of the TEfl and T1 mode will cancel. The m a i n  beams 21, 30 and 31 will add 

while all sidelobes will be suppressed. 

the TEyl and T1 modes which yields the most suppressed sidelobes is also the ratio which 

yeilde equal beamwidths in the E and H planee. 

modes are equal, (through 180' out of phase) the 

It should be noted that the relative strength of 

The actual dimentions of the transition chamber 2 and horn 3 can be determined 

experimentally for the particular frequency which the antenna will radiate. The length L 

of the transition chamber 2 m y  be adjusted until the TEll snd modes are in phase at 

the end of the horn 6; the length and angdar opening of the horn J also has an effect on 

phase. "he relative intensities of the TEll and "Mil modes can be altered by varying the 

diameter D of the transition cherober. In WrtickIar, it has been f c - n d  thkt s i d e l ~ b e s  can 

0 

0 

be greatly suppressed and equal beamwidths obtained along the E: aqd H plmes f o r  H 

frequency of 9600 megacycles when W=1.25, D=l.hO"; Mo, L=O.25", t;nd Y=5.4"; where t$ 1s the 

diameter of the waveguide 1, D is the diameter of the transition chamber 2, 0 i- the angular 

opening of the horn 3, L is the length of the transition chamber 3 ,  and Y is the diameter 

of the mouth 6 of the horn 3. 

One purpose of the transition chamber 2 is to suppress unilesirtikie zo5,en . t  ?he 

transition plane 5 because the limited diameter of the transition chamber 2 u ; ~ r e 3 c e s  them. 

Another purpose of the transition chamhr 2 is to provide a simple 5etn9 of c n a n g i , ~  the 

relative phases of the TEll and PIll modes at the o*peninpg of t h e  horn 6, which z m  more 0 0 

Page No. 3 



easily be done by varying the length of the transition chamber 2 than by varying the length 

ssd angle of the horn 3. 

The combin' .i of the radiation patterns of two modes i n  a rectangular waveguide 

system may provide more equal beamwidths and reduce sidelobes, but not as effectively as 

with circular or eliptical waveguide systems. 

?he invention does not help suppress sidelobee along the H plane, but these side- 

lobes are usually very small and there is no great need to suppress them. 

One novel feature of the invention is the propagation of at least two modes in a 

uaveguide temimted in an antenna, the main beams of the radiation pattern of the entenna 

being approximately in phase while Fome of those sidelobes of the two modes which have over- 

lapping directions in the radietion pattern are sufficiently out of phase that they tend to 

cancel out one another. 

A second novel 

antenna system including 

feature of the invention is an eliptical-circular waveguide and 

an antenna, meam for propagating both the "Ell and 0 mode8 

through said antenna of said system, s a i d  system so constructed that the main beams of the 

radiation patterns of the TSO 11 and 'Myl modes are apprkmately in phase corresponding s i d e -  

lobes of the T q l  and Tn0 modes are approximately lsOo out of phase, and the intensity of 11 
said corresponding sidelobes are approximately equal. 

A third novel feature is in an eliptical-circular waveguide and antenna system 
0 including a antenna, the iiaprovement comprising means f o r  propgnting both the "Ell and T1 

modes through said antenna, said system so constructed that the main beams of the radiation 

patterns of the TEil and PIll modes are approximately in phase and power ratio of the main 

beam8 is such that the 9um of the two radiation patterns yields a main beam having appoxi-  

mately equal beamwidths along the E and H planes of the radiEtion pattern. 

LDR : gh 
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